Abstract-This paper carves out the design of unity power factor controller for three phase variable speed induction motor drive. SPWM technique is used to improve the power factor of the system to unity and hysteresis controller is used for speed control of the drive. These control techniques lead to a unity power factor seen by the ac supply and minimize the power loss, audible noise, and motor torque ripple.
I. INTRODUCTION
Induction motor is widely used in industry and agricultural sector due to the fact that it is relatively cheap, rugged and maintenance free. It needs reactive power for operation and working. Thus, a large reactive power is required to be supplied and transmitted which reduces the power factor of the system and hence the transmission lines capacity. It is therefore desirable to improve the power factor of supply side for induction motor drive. This can be achieved using unity power factor (upf) controller with sinusoidal pulse width modulation (SPWM) technique. In the present work, the authors have simulated the IGBT based power converter, connected to three phase induction motor drive. Hysteresis controller is used for variable speed control.
A lot of research has been going on to improve the performance and efficiency of the induction drive system. K. Thiyagarajah, V. T. Ranganathan described an inverter/converter system operating from a single-phase supply using IGBT [1] . Adrian David Cheok, Shoichi Kawamoto, Takeo Matsumoto, and Hideo Obi described new developments in the design of high-speed electric trains with particular reference to the induction motor drive system [2] . Prasad N. Enjeti, and Ashek Rahman have proposed the new single-phase to three-phase converter for low-cost ac motor drive [3] . The different control strategy of induction motor drive system has been presented and discussed by various researchers [4] - [6] .
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II. PROBLEM FORMULATION
The induction motor drive comprises of (i) ac to dc converter, (ii) dc to ac inverter, and (iii) dc link capacitor between the converter and inverter. Fig. 1 shows the proposed configuration for unity power factor control towards power supply to induction motor drive. The front-end for the system used here is a full-bridge IGBT PWM converter with an ac reactor [7] . In order to maintain the supply current at unity power factor, unity power factor controller with SPWM technique is designed. On the machine side, a high switching frequency three phase PWM inverter using IGBT is used. This converter is controlled by hysteresis controller for variable speed drive. The entire system is fed from single-phase mains supply.
III. POWER FACTOR CONTROL ALGORITHM
To achieve unity power factor on supply side, input voltage to converter, V r , is controlled with current and voltage feedback to control the phase difference between the ac supply voltage and current. In the unity power factor case, the converter voltage amplitude is given by (1) [8]
If the converter voltage can be controlled to the above value then unity power factor will be maintained. In the developed upf controller, a control system is used to maintain unity power factor by controlling the switching of converter. The upf controller maintains a constant dc output voltage, in order that a steady dc link voltage is fed to the inverter. The block diagram of unity power factor controller algorithm is shown in Fig. 2 . 
IV. DYNAMIC MODEL OF INDUCTION MOTOR
The three phase squirrel cage induction motor in synchronous rotating reference frame can be represented as in Fig. 3 [9] .
Voltage and flux equations for the motor are given by (2)-(9) [9] . The electromagnetic torque equation is given by (10)
where P denotes the pole number of the motor In case of vector control the q-component of the rotor field φ qr would be zero. Then the electromagnetic torque is controlled only by q-axis stator current & (10) is reduced to (11)
There are large number of ways for speed control of induction motor among which vector or field oriented control is the most widely accepted methods now a day's [9] - [15] . In the present studies indirect vector control method is employed. Here, the unit vector is generated in an indirect manner using the measured speed ω r and slip speed ω sl . The following dynamic equations take into consideration to implement indirect vector control strategy. Equation 12 shows the rotor flux position.
The stator current i a , i b , i c in the 3-phase coordinate is changed to 2-phase AC current in the static coordinate with 3/2 equivalent transformation. Then through synchronous rotating coordinate transformation, the 2-phase AC current will be equivalent as dc current i d and i q in the synchronous rotating coordinate. The abc-dq transformation is an essential part of this scheme. The direct-quadrature-zero (dqo) transformation or zero- direct-quadrature (odq) transformation is a mathematical transformation used to simplify the analysis of threephase circuits. The transformation of abc-dq involves the decoupling of variables with time-varying coefficients and refers all variables to a common reference frame. This transformation reduces the three line currents to two dc quantities in dq reference frame. The two dc quantities are orthogonal to each other. This allows the control of the two quantities independently. The three-phase transformation into two-phase is carried out through abcdq transformation by using various methods like Stanley's transformation, Park's transformation etc. Park's transformation applied to three-phase currents is shown by (13) 
The inverse transform is shown by (14) [ (
[ ] ( ) VI. HYSTERESIS CURRENT CONTROL ALGORITHM: 6 shows the simulink result of supply side unity power factor control of 5hp induction motor working on "no load" at 60 rad/sec. It has been observed that at no load supply side current is 8.1A peak current but at improved power factor of approximately unity. The current contains nominal harmonics. Fig. 7 shows the simulink result of supply side unity power factor control of 5hp induction motor working on "full load" at 60 rad/sec, it has been observed that at full load supply side current is 12.1A peak current but at improved power factor of approximately unity. The current contains nominal harmonics. Fig. 8 shows the simulink result of supply side unity power factor control of the 5hp induction motor working on "no load" at 150 rad/sec. It has been observed that at no load supply side current 8.1 A peak current but at improved power factor of approximately unity. The current contains nominal harmonics. Fig. 9 shows the simulink result of supply side unity power factor control of 5hp induction motor working on "full load" at 140 rad/sec, it has been observed that at full load supply side current is 30A peak current but at improved power factor of approximately unity, the current contains nominal harmonics. Fig. 10 shows voltage (line-line), three phase stator current, speed and electromagnetic torque of 5hp induction motor on "no load" at 60 rad/sec. The no load current per phase is 3.2A peak. The currents show a hysteresis band of variation. The three phase currents are perfectly sinusoidal, 120 o apart from each other. At the time of starting the maximum current drawn by the induction motor is as high as 18A peak. Initially current frequency is low due to this at the time of starting torque is more. , three phase stator current, speed and electromagnetic torque of 5hp induction motor on "full load" at 60 rad/sec. The full load current is 9.4A peak. The current shows a hysteresis band of variation. The three phase currents are perfectly sinusoidal, 120 o apart from each other. At the time of starting the maximum current drawn by the induction motor is as high as 18A peak. Initially current frequency is low due to this at the time of starting torque is more. Fig. 12 shows voltage (line-line), three phase stator current, speed and electromagnetic torque of 5hp induction motor on "no load" at 150 rad/sec. The no load current is 3.2 A peak. The currents show a hysteresis band of variation. The three phase currents are perfectly sinusoidal, 120 o apart from each other. At the time of starting the maximum current drawn by the induction motor is as high as 18A peak. Initially current frequency is low. Due to this, at the time of starting, torque is more. Fig. 13 shows voltage (line-line), three phase stator current, speed and electromagnetic torque of 5hp induction motor on "full load" at 140 rad/sec. The full load current per phase is 9.4 A peak. The current shows a hysteresis band of variation. The three phase currents are perfectly sinusoidal, 120 o apart from each other. At the time of starting the maximum current drawn by the induction motor is as high as 18A peak.
VIII. CONCLUSIONS
Simulation studies have been carried out using MATLAB 7.7.0 (R2008b) to control the speed of induction motor and improving the power factor of supply side to unity. The speed is controlled using hysteresis current controller, which controls the frequency of stator current. The results are taken for different values of speed under both no load and full load condition. It has been observed that the power factor can be controlled to unity at all speeds. The above studies are useful in improving the performance and efficiency of the supply system by decreasing the reactive power requirement of the system. 
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